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PREFACE

Under the Federal Radiological Emergency Response Plan (FRERP),
the federal agencies with statulory responsibilities for dealing with
radioactive matenals emergencies, have agreed (o coordinate their
emergency response efforts. In the event ol a potential or existing
major radiclogical incident, the Department of Energy/Mevada Opera-
tions (DOE/MNV) has been charged with establishing and operating the
Federal Radiological Monitoring and Assessment Center (FRMAC).
The FRMAL is 1o provide coordinated federal assistance in the oflsite
areas 1o the impacted state(s) and the lead federal agency (LFA)
rasponsible for reguiation andfor operation of the acciden site.

The Monilering Division (MD) of the FRMAC s responsible for a sig-
nificant portion of the assistance provided. These responsibilities
include: field radiation monitering, environmental sampling, and radio-
analysis. The MD coordinates the efions of all federal, slate, and
local or tribal agency staffs working with the FRMAC to provide scien-
tifically defensible data of accepiable quality.

This manual has been prepared by the United Stales Environmental
Protection Agency (EPA]) Office of Radiation and Indoor Alr (ORIA),
Radialion Sclences Laboralory-Las Vegas for the U.S. Depanmant of
Energy under Interagency Agreamant Mumber DE-A108-91-NV10963.

The DOE/NV has responsibility for maintaining the master of all
FAMAC manuals. Please provide comments on this manual to:
FAMAC Program Manager, Emergency Operations Office, P.O. Box
98518, Las Vegas, Nevada 89193-8518.
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INTRODUCTION

When the Federal Radiation Moniloring and Assessment Cantor
{FRMAC) responds to a radiological accident, monitoring, sampling,
and radioanalysis support will arrive from a number of different
sources. The respondents providing this support will, in all likelihood,
have received varying lavals of training and will have experience with
a variety of monitoning, sampling, and radicanalysis equipment and
procadures. The Manitoring Division (MD) requires that the methods
used during the FRMAC response be unilorm and consistent o
ensure that the derived data are reliable and defensible. It is impor-
fart that an acceplable and established sel of standard operaling pro-
caduras (SOPs) be lollowed by all respondents for any monitaring,
sampling, and radioanalysis activity conducted under the direction of
MD. This manual provides SOPs for sample processing and radio-
analysis and will be used by MD during a FRMAC response to a radio-
logical accidant.

Early in an emergency, moniloring data will be urgently needed as a
basis for protective acions. FRMAC emergency respanse proceduras
are intended for usa in processing relatively large numbers of samples
in the shordest pessible time. Therefore, In some instances, they rep-
resent a compromise between procise analytical determinations and
determinations for emergency response aclivities.

These methods are applicable to the FRAMAC mobile laboratory. They
are not mandatory for all mobile laboralories which may be associated
with & spacilic FRMAC deployment. The methodologies employed by
any participating labaratory are acceptable, il they are documented,
meet FAMAC requirements specific to that deployment, and produce
analytical data of acceptable qualily.

In the early stages of an emergency, when the impact on Lhe health
and safety of the public is not well defined, the rasources dedicated lo
quality assurance (QA) activities will be sufficient 1o assure acceptable
quality of the data. As the emergancy slabilizes, QA activitios will
increase comespandingkhy.

ili
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SURVEY OF FRMAC LABORATORY CAPABILITIES

Scope and
Application

Responsibilities

Instrument and
Capability
Summary

l"’ .......
......

! Thtﬁ pmﬂlum w’d[ﬂaﬂ thﬂ' ﬁlE]:lrs ln be IaEf.en by the F’FIMAG Lab-
. orafory Supervisar ta determine what analytical capabilities are
'avallabla from the on-sie mobile laboratories and thelr personnel.
I/ The information will be ::ril.rc.ai for both the' Assassment Division |

(AD) and Mun!lnﬂng Division (MD}) Mmugem in order ta set |||

' meaningful priorities for the collection and analysis urenmmn-

. manta] ﬁampmrme Labmamry Supervisor will use this informa-'

' tion to efficiently ¢ program the sampie preparation and analytical

_:tuperahuns fmﬂphmarmmughpm Mm aclequam dam:hm Emrt&

The evaluation of field capabilities will include:

» Invenlory of the instrumentation of each laboratery:

typas, sizes, and number of detectors; precalibrated gaometries;
counting efficiencies; background counting rates; computer dala
reduction capabilities

» Determination of ability to adjust to changing conditions and ana-
lytical needs; e.g., recalibrating for new geometres, introducing
additienal nuclides into spectrometry libraries

» Demonstration of adequate persannel to perorm and validate the
required analyses

Individual laboratory managers are responsible for providing
information to the MD Manager on their instrumentation, capabilities,
and personnel resources. The Quality Assurance (QA) Officer will
assist in the transfer of information, setting of pricrities, and documen-
tation of the ongoing performance of the laboratories. The operator of
each mobile laboratory will be given a copy of this procedura by the
QA Officer and will be asked o complete and return the form within a
specified period.

The form to ba completed by laboratories can be found in Appendix D.

VoLude 2 - SawrLE PREPARATEON AMD ANALYEIES
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PREPARATION OF QUALITY ASSURANCE SAMPLES
FOR FRMAC FIELD LABORATORIES

mnmmmmmmzﬂ i"
amua&m.cmarn:u R

| Ale s 134 131,

uaﬂnal_[iﬂpalkgr Plﬂﬂlﬂﬂﬂﬂlﬂ .E;a;uﬁl .l-llrF_Ittur- Widemouth Jar
|i1oL | ‘@50 | s00mL | Cartridge | 27| 47 4009 !
s A I A R e A
P i S . T X%
Sail . i Hi [hih 1 400 g
Vagataton | | 100 g '1'r:tl:g- G

Scope and
Application

This methodology is used under field conditions to prepare QA
samples 1o assess the capability of mebile laboratonas o perform:

» gamma spectromelric analyses on a variety of samples

» gross alpha and gross bela analyses on air filters collected durning
an emergency respanse sktuation

This describes the preparation of samples which aro too bulky or
contain nuclides that are too short-lived to be kept on hand in a

repository thal would be shipped to the emergency site on shon
natice.

» Examplés: water samples to be gamma counted in vadous geom-
etries {outiined above) or air filters, charcoal cartindges, or othor
samples listed above thal may contain 1-131.

QA samples allow for the initial assessment and documentation
ol continuing performance of thasa instrumenis used in the field:

» gas proportional alphabeta counlers

FRMAC Monmomired AND Arayins Manuay



August 1998

Summary of
Method

Supplies

» liquid scintillation counters

» Sodium jodide or high-resolution germanium delectors for gamma-

ray spectromatry

Availability

Instrumén! calibration standards will be available to all participants at
tho FRMAC. All required radionuchides are available commercially in

MIST-cerified standards.

Preparation

An ampule containing radionuclides is opened, while working in a
fume hood, and the solution translerred 1o a secondary glass con-
tainer. Dilutions are made from the stock nuclide which will bo used 1o
prepare QA samples conlaining lower lovals of aclivity.

» Water samples are prepared by diluting the stock nuclide or the
diluted stock nuclide to volume using calibrated automaltic pipels.

» Air fllter samples are prepared by transterring a measured vol-
ume of radionudide to the filter medium and air drying in a desic-

calor or under a heat lamp.

Absorbent paper

Absorbent wipes

Adjustable presision pipatles,
20 mL, 100 mL, 1 mL,
5 mlL, with tips

Ampules, S mL polyethylene

Beakers

Chemical carmiers

Chigrine bleach

Desiccators

Deionized water

File (tangular or fia1)

Fitters: glass fiber, paper,
Teflon, (27, 5°, 8% 107)

Gloves

Heal lamps

Hydrochionc acid (1 M)

ledine cartridges

Lab coat

Labels, radioactive and
regular (unmarked)

Lap-top computer with
spreadsheet capability

Liquid scintillation vials,

20 mL with poly-seal caps
Marinelli beakers 1.0L, 3.5L
Miscallaneous containers for

counting: aluminum cans,

jars, cubitainors, ofc.
Flanchets, planchel holders

2", 4
Radionuclides in 5 mL ampules
Safety glasses (goggles)
Sissors
Sealable plaslic bags

Violuse 2 - Saurf PAEPAFLATION AND ANALYES
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Procedure

Sodium carbonale Transler vials

Sodium iodide Volumalnic flasks

Stoppered vials Waste conlainer, ined with
Swipes plastic bag with propear label
Transler pipets

Records

Supply a copy of the NIST-racoable certification file.

Relar to Appendix A, Example 1, for an example of a NIST file. As an
altornativa, you may use the table in Example 2 as a guide.
Transfer and Dilution of Stock Nuclides

Take proper laboratory precautions before working with these
radipaclive standards:

Wear a suitable lab coat, gloves, safety glasses, and TLD badge.

» Belore any of the radicactive standards are oponed, designate a

wasle conlainer for the empty ampules.

Check neck of 5 mL ampules for colored band; if band is present,
ampules can be opened without scoring ampule.

» Place ampule in small plastic bag and gently snap off top at
neck.

» Aspirate solutien into transfer vial (plastic baby bottle) and
add to volumetric llask containing matrix solution. Use gravi-

metnc correction to account for amount of primary standard
used.

Balore proceeding, refer to special precaution section for 11131, i
[-131 solutions are (o be used.

Prepare dilutions of stock radionuciides for praparation of lower
activity QA samples.

» Prepare diuled solution to same HCI molarity as original
NIST sofution.

For aach solution prepared rom the stock solution, recond spike
volume, dilution velume, sample geomelry, and cerificate file ral-
erance data (a8 Appendix A, Examples 2 and 3).

FRMAC Momormg Ann Anacvaes Blanual
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Calculations

Commercial NIST-lraceable mixed gamma samples gencrally mciude
a combination of Am-241, Cd-109, Co-57, Cs-137, and Co-60,
Hg-203, Sn-113, ¥-88, which provide gamma rays at sevaral anargias
ranging between 60 and 1332 keV.

Gamma-ray geometry standards should be prepared go that at least
10,000 counts are accumulated in each gamma peak of interest in the
allotted calibration coliection time (a minimum of 10 manutos).

Preparation of samples containing 131
» Solutions must ba alkaline (pH 10 or greater)

» Evaporaled samples (air filters, charcoal cartridges) must conlain
the iadine in the lodate chemical form [10g-).

1  Working in a fume hood, open ampule conlaining approximalely
2 mCi of 1-131 and aspirale solulion inte transfer vial,

2 Add the solution to a 100 mL volumelrc flask containing: S0 mL
water, 1 mL chlorine bleach, 1 g sedium iedide, and 1 g of
spdium carbonalte.

3 Dilute to the mark with water, stoppor, and agitate.

4 Prepare dilution from the 100 mL 1-131 stock sclution uaing a
solution containing 1 mL bleach and 1 g each of sodium lodide
and sodium carbonate per 100 mL.

5 Prepare QA air filters or charcoal cariridges by pipetting 1-131
stock solution or diluted solution directly on the filter or carlridge
and allewing the sample (9 dry in a desiccalar.

Filters conlaining 1-131 with other nuclides can be prepared if the
nuclide solutions containing acid are allowad 19 air dry Ihoroughly on
the filter media before adding the solution containing the 1-131.

Gross alpha and gross bela air fters are prepared using Th-220 and
Cs-137. Multiply the Cs-137 activity by 1.10 to compensato for
conversion electrons produced in the decay of its shor-lived progeny,
Ba-137m.

Water samples containing tritium are not acidified.

Radionuclide Decay Corrections

The activity of individual stock nuclides at the tme of QA sample prep-
aration is calculated from the following equation:

Vo Ul 2 = SAUPLE PREPARATION ARD ANALYEIE
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Aft)= Afr) ¥ [EXP[-0.693 ¥ (1-rlT{12)}]
where
Alr) = Activity of stock nuclide on relerence date, r, in nCifg

—r = Difference in days between the date of preparation, r, and
Ihe relerence date, r of the nuclide

T11/2] = HaH-lile of the nuclide in days

Precision and Accuracy

The radionuclides used for the preparation of the FRMAC QA samplos
are purchased from commercial suppliers. All nuclides are account-
able through a NIST-fraceable program.

Uncerainties in pipeting, dilution, and reproducing geometrical
arrangements are nol expected to exceed 10%. Verify activity against
precalibrated detestor.

FEMAC Mosmorirg AND Analysis Manaal
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INTRODUCTION OF QUALITY ASSURANCE SAMPLES
TO MOBILE LABORATORIES AT A FRMAC EXERCISE
OR EMERGENCY RESPONSE

Scope and
Application

Responsibilities

Procedure

nﬂpmdumd&wﬁ#'m mulmmanfﬂﬁaamplumrm
'mmmmwmmmmﬁwmmmﬁhw
.mmpaﬂngmdmradudngw:ﬁmqﬂmmamﬁtyhmmﬂa
'Iabmaiuﬂasasamamaquﬁtmﬂng anddmwnﬂnglaha-
i ralmy,capahlli,tjr AR s L

X .| .-'..:; 1 .- Il -..'.' A L

The actual performance characteristics of the individual laborato-
ries must be demonstrated alier the analytical needs of the FRMAC
have been defined as a function of the scenaric or amargency siua-
tion and the potential capabilities of the mobile laboratories on site
have bean established from tha capability survey, "Survey of Field
Laboratory Capabilities.” This pedormance must be demonstrated as
soon as possible after establishment of tha FRMAC.

The analysis of QA samples with known compaosilion will allow lor
evalualing laboratory performance and the subsequent validation of
FRAMAC data. The analysis of QA samples will also provide early
warmning for laboratories having problems and allow for comections
which will lead to comparability of data among all analytical opara-
lions.

The Monitoring Division (MD) QA Officer is responsible to have
available, or be able to prepare on sile, sufficienl QA matenal to dem-
onstrate the validity of the analytical operations, See *Preparation of
Quality Assurance Samples for FRMAC Field Laboralories.” The QA
Officer will work with individual laboralory managers and personnel to
ensure that all of the instrumentation and appropriate technologies are
usaed. Tha QA Officer will consult with the MD Manager and the Labo-
ratory Supervisor 1o periodically inlroduce QA samples into routine
anahtical operations.

1 Laboratories check radiation counting instruments as soon as the
FRMAC has been eslablished and the QA samples are ready for
distribution,

Veluwr 2 - SAMPLE PREPARATION AND AMALYELE
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Al least two concantralicn levels will be examined to demonstrate
proper instrument calibration.

2 Using gamma spactrometers, analyze QA samples containing
several nuclides with energies that approximate nuclides that
could be represented in an accidental release or incidant.

3 MD Manager makes initial determination of instrument perlor-
mance after consulting with the Laboralory Supervisor and the
QA Officer.

e Determines if individual instruments need to be recalibrated
or if comection factors need lo be applicd lor consistency
between laboratories or betwean Inslruments,

4 QA samples will be introduced into the sample flow at a rate
decided by the MD Manager, the AD Managor, and the Senior
Scianca Advisor. These spiked samples will be introduced al the
rale of approximately cne per 20 samples analyzed.

5 Background counls will be performed routingly, The frequency
and counting time will be delermined by the number of samples
12 be analyzed, the variation of the background level, and the
possibility ol contamination.

Reference
.S, Environmenial Protecion Agency. Data Quality Objectives for
remedial response actions, EPA/540/GE7/003. March 1887.

FRMAC Momromieg Ao Anarvses Manusey
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SAMPLE RECEIVING PROCEDURES

Scope and
Application

Ssummary of
Method

Supplies

This method describes the setup and operation of the FRMAC
sample receiving line {(ERAL), including the monitoring and receiving
of samples from the figld. All samples associated with the FRMAC
operation will be received through the SHL.

SAL personnel sel up a Sample Receiving Area where samples arg
reconed from fiekd monitering personnel, packaged, and surveyed.
Pririties and paperwork are checked and samples placed ina holding
arsd.

Each sample received is considered contaminated and handled
accordingly.

» Sample is placed into a clean outer plastic bag.
» Survey reading is laken and recorded on the bag.

» Any additicnal labels indicating priorities for further sample proces-
ging and analysis are afllived 1o the outer bag.

»  Secunty Seal is checked to be sure it is intacl.

» Sample is placed inlo a holding area, segregated by activily, prior-
ity. media. collection location, or any other parameler,

L

All paperwork is properly checked before the field monitoring
team is released.

Fersonnel at the Sample Control Arca are nofified that the sample is
ready for transiar,

anti-contamination clathing (boots, hoods, gloves, coveralls)
cardboard/card stock (for area signs)

Chain-of-Custody formsaitape

chairs, folding, portable

clipboards

WOLUKE 2 - SAMFLE PREPARATION AND AMALYSIS
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cubitainers, 1-galion (or 4 Liters), with caps and plugs
garbage bags and lies

gloves, vinyl

labels, assered, permanent adhesive
logbooks

marking pens, permanent, any surface
magking lape, 2-inch

note pads, 8.5 » 11 inches, ruled

paper iowels/wipas

pens, ball-paint, parmanent

plastic bags, 15 x 26 x .004 inches, clear
plastic sheeting, .004-Inch minimum
plastic sealable bags, clear, 4 x 4 inches
plastic sealable bags, clear, § »x & inches
radwaste bags

respiraters (if neadad)

Sample Control Forms

gample slorage boxes

sclssors

survay instruments

swipes

tape- radicactive

weazers/iorceps, large

work gloves, clothfleathar

work table(s), folding, poriable

yallow clothiduct tape, 2-inch

yellow ropeftape (to mark area boundanas)

Procedure
1 Setupa Sample Receiving Area.

» Cover work tables wilth plastic sheeting,

» Use yellow ropatape to cleardy mark araas.

» Make directional signs from cardboard.

» Monitor entire wark area periadically for contamination.

» If possible, provide seating (with a protective coaling) for
wailing field monitars,

Field Team Leader will not leave until all samples, and
associated paperwork, have been properly checked.

2 When receiving a double-bagged sample,
w  Werily with field monilor thal activity written on the inner bag

is comrect,

10

FEMAC KMoumoRme anD Anarysis Masmar



August 19838

L

-

Detammine whether MD and/or Laboratory Supervisor has
issued any instructions for the prioritization of this sample,

Collect and check sample paperwork lor compleleness.

Paperwork (inside the outer bag) must be readable through
the unopened bags.

Check Security Seal to make sure it s intact.

Process urgent samples first.

3 Survey sample using appropriate instrument.

4 Using two people, place double-bagged sample into a clean
ocuter plastic bag and seal with tape.

"

Be careful nol to conlaminate the now plastic bag or any hot/
cold parsonnal.

The sample collection form inside the sample bag must
remain readable.

5 Mark the survey instrument reading on the bag.

B Affix any additional required labels.

Use of additional labels is determined at the MD briefing, and may
include labels designating pricrity, location, activity, ele.

7 Place Ihe Iriple-bagged sample into a holding area, segregated
by activity, priority, media, location of collection, or any other
parameler decided upon in prévious MD briefings.

8 Nolity Sample Control that the sample Is ready lor lransfer and
lagg-in.

Expedite urgent and high priority samples.

1"
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SAMPLE CONTROL

Scope and
Application

Supplies

Procedure

12

Tha operation of Sample Control is described here. All samples
assoclated with the FRMAC operation will be precessed through Sam-
ple Control for screening and entry into the LIMS idenlification system.

Sample Controf Forms

Samples are oblained from the sample helding area of the Sam-
ple Receiving Line (SAL) in the order of their arrival,

Pricrity samples are handled first, in the order of 1) "urgent” and
2) "high priority.” All samples are moved to the holding area of
the sample control facility.

Samples designated as “hot” {red sticker) may also have priority
designations. These samples will be keplt separate from others,

These samples will be stored away from FRMAC personnel to
achieve ALARA conditions.

The sample readings written on the inner bags, or on tha labels,
will be verified.

Sample Control Form completion.

» Laboratory Supervisors identify required analyses and the
laboratories to analyze the samples.

» The original is retained by Sample Control, entered into the
LIMS, and filed lor later reference.

» The pink copy ramains with the sample for delivery to Sam-
ple Preparation.

The Laboratory Supernvisors will percdically notify participating
laboratories of the samples and their required analyses.

The samples and their pink Sample Control Forms will be picked
up and delivered to Sample Freparation or direclly to the labora-
tories. A specific courier may be assigned this task.

Be careful at all times that no contamination occurs in Sample
Contral.

FRIMASC Mommormis AnD AnaLysis Manual
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PREPARATION OF FRMAC FIELD SAMPLES FOR
GAMMA RAY SPECTROMETRY

£

] PR E

TR el : Air Filter
| Plastic Bottle | Ehmmai Aillos)

ik [

ask |

Wrd-&muuﬂ'l Jar -. !

500mL | Cartridge | 27 | 47| 400 g

0

X

i XX

e TN I TE ETETHETE T R |
e T T i T R BT
(messtes i EAE L i B R i 1009

i ""f-'!?';HQEfQ ;-;- i

Scope and
Application

Supplies

For the preparation of liquid, air, vegetation, soll, smear, and tis-
sua samples at any FRMAC activity, these procedures are recom-
mended. They are appropriate for preparation for scraening and anal-
ysis of samples at FRMAC mobile laboratories.

The Laboratory Supervisor is responsible lor utilizing the combined
capabilities of mobile and fixed laboratories to provide analytical data
of known and sufficien! quality to meat FRMAC dala quality objeclives
(DQOs) at each phase ol the emergency.

Sample preparation taciities should be stocked with at least the fol-
lowing supplies:

Analytical balance

Bench Top Absorbent Matenal
Blank adhesive labels

Can sealer

Chain-ol-Cuslody forms
Concantrated nitric acid

13
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Procedure

Liquid Samples

14

Disposable gloves, goggles, other protective laboratory clothing
First Aid Kit

Fixed Facility forms

Forcaps, scissers, knives

Formaldehyde

Heawvy plastic bags, tape

Mote pads, 8.5 » 11 inches, ruled

Marking pens

Manilonng inslrumenis

Paper towels/wipes

Pruners

Radwaste containers

Relngeration facilities

Sample Control Forms

Sample containers (such as Marinslli beakers, teflon lined aluminum
cans, or containers of other appropriate calibrated geometries)
Scissors

Smears

Sodium Hydroxide

Tape-radioactive

The facility also must have adequate ventilation to protact personnel
Irom airborne pariculates that may pese a hazard during operations.

FRMAC mablle laboratories are responsible for specification or
estimation of data quality {i.e., precision, accuracy, etc.) for all data
that they generate and lor achieving FRMAC DQOs within their stated
capablities, Transporiation of collected environmental samples to
obtain precise analytical dala will be decided upen by the AD and MD
Managers as the exercise progresses. Sample preservation infarma-
tion will ba provided with each sample lype listed below.

All samples obtained from Sample Control must have:
» Sample Control Form.
» Intact Securify Sealon the outer bag.

Il these itams are nol in order, immedialely notify the Laboratory
Supervisor, 58t the sample aside, and await further instruction.

Aliquots are referenced to the original sample number.

All bags containing liquid samples are visually inspected belore
being accepted into the sample preparation facility. If leakage has
accumad, necessany precautions are Implemented to prevenl contami-
nation of the facility, other samples, and personnel.

FRMAL MOoNTORIRG ARD ANALYEIS MaMUAL
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i a sample cannot be prepared without danger of contamination,
nolity the Laboratory Supervisor and sel the sample aside.

Milk

Milk samples designated for shipping or archiving should be
refrigerated. The addition of formaldehyde will interfere with future wet
chemistry analyses, especially radiostrontium,

If radlolodine analysis is needed an these samples, they should ba
gamma-ray counted immediately at the mogoile laboratory or trans-
ported without delay o a fixed laboratory due to the short hali-life of
I-131 (B8.04 days). The samples are shipped in their onginal cubitainer
{decontaminated and swipad) if no visible damage has cccurred. If the
seal has to be broken, proper chain-of-custody procedures must be
followed. A plug must be insered into the cubitainer for transporation.

Water

Water samples designated for shipping or archiving are preserved
by the addition of concentrated nitric acid (10 mL'4 L sampla) to
ensure all dissolved substances ramaln in solution.

If either tritium or 1-131 analysis is required, aliquots must be
removed befare the sample is acidified.

ﬁ.u wﬂh aJl mmﬂ::nhan'tlfcala ax!m me r.:au*tlnn muét'l:'ra .EI.II:;EP Hite
:::sad in'theiuse of acid. The samples are shipped in their nngl--

H nﬂwhlwnamimwﬂmmmwmmmi However, | ||

: . pmpar Ehﬂh-ﬂl-ﬂuﬂtﬂﬂh' pmt;ﬁd-.lraﬂ musl be followed since lhﬂ"-;{i =
il saal 1.|||.I1Il have been, broken 1o preserve the: ;ﬂ;amples The cubi- |1/

|| tainers must be plugged, decontaminated, and swiped before |
i mq:-ciﬂmm Proper dooumentation conceming acidification
nn'mrmsd be included on all Epprupnal& lahatq ﬂrrd!i::m

|'='.5':i|'"1. |. AR L F | HEILILE
E i [Pt TEL LT RTANEE f1 A T IS TEAF R PR RLE BLIYE :: | I | 1 d _|-_|_:-.! LRl e bkl skl

Preparation for Gamma-Ray Analysis

1 Measure samples into standard geometry 1.0 L (kg) or 3.5 L (kg)
Marinelli beakers, or ancther geometry that has been gamma-ray
efficiency calibrated with a water malrix calibration standard. The
containers must have predetermined tare welghts or volume fill
linas.

2 Distribute sample volumetrically or by weight measurement. If
sufficiant sample does not axist o Hll the counting container, use

15
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Vegetation

Samples

16

an aliquet and dilute with distilled water to the fill line of the con-
tainer, Aliquat volume (or weight) must be recorded so thal the
concentration can be calculaled. Generally, liquid samples will
not be smaller than 100 mL.

3 The deposition activity per unil area is imporant for snow sam-
ples, Carefully measure the mass or volume of the entire sample
and record with the mass or volume of the aliquot so that the sur-
face activity can be back-calculaled. Include the orginal surface
area in the calculations.

4 Clearly mark sample control number on containers Fasten lids
securely o prevent contamination of the laboratory and sample
loss.

Reuse containers only if they can be cleaned to remove contami-
nation after sample analysis. Otherwise, discard them. All contain-
ers that have been cleaned must be inspecled by gamma-ray
analysis, by the direction of the Laboralory Supervisor, to confirm
the absence of radioactive contamination.

i::I uagemﬂnn sarrq:ﬂesm the sample pmpamilun
.-._iae-:il'l'y mq:.umgram care tnpmturl:‘tm facility and p-&murrm

. from possible’ cnmtamnnajlm Due o 1h9 nmmrnmmy of !

1 vegelation samples, slicks, branches. and other sharp nt:jm:ls.

= ma].r pum:lura ﬂ'm plasfa: hags dmmg aamp{a |I'EI'IENI1:Ef.Iﬂ-I'I. il i

Samples that are 10 be shipped or archived will generally require
no preparation. Howeavar, if the Laboratory Supervisor determines
that speilage may be a problem, as with fruits or vegetables, the sam-
ples are frozen or refrigerated. The samples are shipped in their origi-
nal containers if no visible damage has occurred, although proper
chain-of-custady procedures must be followed it the seals are broken.

If an immediate or emergency gamma-ray screen is required, refer to
“Preparation of Viegetation for Gamma-Ray Analysis® balow.

All vegotation samples collected by the field monitoring teams
are likely to contain loose particle deposition. Therefore,

» Do notclean, shake, or wash samplas befora preparation for
counling.

FREMAC Monmoriue anp ANarysis ManaL
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+ Remove vegetation from the plastic bag and carefully pack it into a
standard 1.0 L or 3.5 L Marinelli beaker, or ather suitable conlainar
that has bean calibrated with a waler malrx or suilable vegetation
gamma-ray efficiency calibration standard.

Leafy Vegetation

Shred the sample if the leaty vegetation is not flexible enough to eas.
iy be pressed into a gamma-ray analysis container, Shred by hand,
using scissors, of with a knife. Be careful not to remove any of tha
particle deposition.

Do not blend samples.

Other Vegetation

Other vegetable matter such as roots, fruils, vegelables, elc., may
be collected to measura the extent of deposition of activity or the later
absorplion of activity. The consistency may vary, 50 processing the
material 1o & form suitable for gamma-ray analysis may require cutting
the portions into manageable piscas.

= Forscreening of deposited activities, do not wash the maller
belore adding it to the counting centainers.

» For determining absorption, washing andfor peeling is required.

Do not wash and/or peel unless the eriginal screening indicates
that activity is above Ihe prescribed minimum detectablo activity.
Rafar 1o *Gamma Emifting Radionuclides in FRMAC Samples.”

Preparation of Vegetation for Gamma-Ray Analysis

If an emergency gamma-ray screen is needad on a lield vegelation
sample, use the following procedure if the samplé is not 100 large.

1 Make sure that the

» Ouler plastic bag is secure and has been propary decontam-
inaled and survayed.

» Detector and the inside of the shield are properdy protected in
casa tho plastic lingrs arg 1om in this procedure.

2 Carelully place the vegotation sample inlo the detecior shield
around the delector, making sure the shield can be closed.

3 Count the sample for 10 minutes, or long enough to delact any
gamma contamination,

17
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» [Ifdetectable activity is present, go o the Step 4, below.

» I no deteclable aclivity is present, report results and archive
sampla.

4 Pack the vegetation into a standard 1.0 L or 3.5 L Maringlll bea-
ker, or other suitable container that has been calibrated with a
waler matrix or suitable vegetation gamma-ray efficiency calibra-
tion standard. The container must have had its lare weight pre-
determined belore use.

5 Once the container is filled to near capacity, determine and
record the weight of the matarial,

6 Tape the lid securely on the container o prevent contamination

of the laboratony.
Soil Samples
ooil samples are of use primarily 1o determine the surface deposition
activity of the area from which they are collected.

1 Thoroughly mix the sample.

2  Weigh and record the sample.

3 Determine the container's tare weight belore use,

4 Clearly mark sample control number on conlainer.

Air Filter

Samples
Alr filter samples are inspected for physical damage within the
delivery envelope. If the filters are damaged, the Laboratory Supervi-
sor is informed.

1 Ramaove the filters from the anvelope with tweezers or forceps
and place in a labeled counting planchet (alpha/beta counter), or
in a labeled plastic bag (gamma detector).

Be careful that no collected surface malerial is lost from the filter
during the transfer.

2 Clean the tweezers or forceps following the transter of each filter.

8" = 10" Filters Most radicanalytical laboratories are aquipped
to handle only 2° andfor 47 air filler samples. However, il the labe-
ratory has the ability to analyze high volumea 8° = 107 filters,
e Fold in guarders belore placing in the counting holder.
18
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Animal Tissue

Samples

¢ Be carelul not to lose collected matarial an the surdace of the
filter that is disturbed during folding.

When a charcoal cartridge canister is received from the fiald,
take it out of the defivery envelope and inspect il

Before gamma-ray analysis, prolect the detector from conlamina-
lion. Piace the canister onto the detector rasting on a suilable
sample holder, or place il in a plastic bag before it is put onto the
dateclor.

Caunt the charcoal cartridge in both the up and down positions
lor the same length of time.

Average and report the resulling aclivities, including counting
uncerainties or the MDA values.

Animal tissue samples preseni bolh radiological and biclogi-
cal hazards 10 all personnal handling them.

If an animal tissue sample must be counted at a mobile FRMAC
lacility, the following procedure can be used providing the sample is
not too large. Make sure the outer plastic bag is secure and has baen
properly decontaminated and surveyed.

1

Ensure the detector and the inside of the shield are properly pro-
tected in case the plastic liners ara tarn in this procadura.

Caralully place the animal tissue sample into the detector shield
around the delector, making sure the shield can be closed,

Count the sample for 10 minutes, or long enough 1o datect any
gamma conlamination

» [l delectable activity is present, go 1o the Step 4, below.

» Il no detectable aclivity is present, add preservative, report
resulis, and archive sample,

Physically prepare all tssue sample lor sealing in aluminum tins.
Depending upan the consistancy of the samples, this may
require cutting the lissue into pieces.

» Record the total mass of the sample weighed into the tin.

» Putin enough sample that the tin is nearly filled (if possible).

» Add waler to bring the weight or volume 1o the full capacity of
the tin,

18
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5 Helfrigerate or freeze samples al the FRMAC, Seal and cleary
mark cang with thelr sample control numbers for shipping, archiv-
ing, or gamma-ray analysis at a fixed radicanalytical laboratory.

The gamma-ray analysis of the animal tissues will probably
provide only a rough estimate of the actual activity and should only
be used in decisions which can tolerate the assocciated uncertainty.
A suilable calibration standard using an aluminum can geomefry
for this matrix must be performed prior lo gamma-ray tissue analy-
sis. It is highly recommendead that these animal tissue samples be
sent to fixed radioanalytical laboratories for precise analytical mea-
surements, including ashing, if necessany.

FRIMAD Monmoring Ao Anaysis Manyal
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ANALYSIS OF GAMMA EMITTING RADIONUCLIDES IN
FRMAC SAMPLES

Scope and
Application

| Analyte: Emnma Emming Fta:ﬁnmu:‘idns
i F'm-l;:ﬂdurE'  The sample is placed in a standard geomatry and
0 counted with'a Germanium (Ge) or Sodium ledida
Mal{'m detector for gamma rays. Gamma rays aro
resoived by gamma spectromotnyand the con-
- centrations of spa::ﬁ-: radionuclides are calculated.

Malrix: -:' Waler, Milk, Mr Soil, Vegetation, Smears, and Tis-
il | sues

'Amuranr | £30% al MDA

This method covers the non-destructive measurement of gamma
ray-emitling radionuclides in a varety of enviranmental matricas by
high purity germanium {Ge) and/or sodium iodide (Mal[T1]) detector
spectromatry. It is applicable for nuclides emitting gamma or x rays
with energies greater than 5-10 keV for Ge detectars, and 50 keV for
Mal deteclors. The uppar enargy range is usually established on the
order of 3000 keV. However, it should be noted that the proper detec-
tor calibration ranges are a function of the nuclidaes Ihat ara includad in
the vanous gamma calibration standards.

The mathod can be used lor 1) qualitative and quantitative deater-
minations using Ge detectors or for 2) screening and semi-quantitative
and semi-qualitalive determinalicns using Nal deteclors. Exact quan-
titation using Mal is possible for single nuclides or when the gamma
emissions are limited to a few well-separaled energies.

Enargy and efficiency calibrations for each detector should be pre-
established before FRMAC deployment, or alter arrival at the FRMAC.

The fellowing mixed gamma calibration standards, along with
their appropriate calibration certificates, will be available to all
participating laboratories that request their use.

Charcoal cariidge

1.0 L Marinelli beaker
2% air particulate filter
3.5 L Maringlli beaker

21
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Summary of
Method
{EPA Rescurces)

Sample Handling
and Preservation

Interferences

4" air particulate fiter

500 mL plastic botlle

Soil (400 g in widemourth jar)

Vegetation (100 g in a 1.0 L Marinalli beakar)

Muclide libraries for gamma spectrometry should contain the rec-
ommended nuclides and gamma-ray lines recommended by the
Nuclear Regulalory Commission MUREG 1028. Computer software
should be available to list the conlents of the ibrary and to add addi-
tional nuclides and gamma-ray lines to the library for peak search rou-
lincs. An example of a gamma-ray library is presented in Table 1 of
this method.

Capability to perform calibrations of new geomelries in the field
should be available. The MD of FRMAC will have available a number
ol mixed gamma emitting standards for calibration, each containing
&-10 nuclides.

The sample or a homagenized aliquot of the sample (soil, waler, or
vegetation) is put into a standard geometry and placed on or next to
lhe appropriate detector and counted for a period of ime sufficient to
meat the sensitivity critaria established by the Laboralory Supervisor.
Minimum detection concentrations ara calculated for spacilic nuclides
as required.

The spectral data are slored eleclronically and processed using com-
puter-based peak search and integrating routines to determine
gamra ray line intensities and specific nuclide concentrations. Con-
centration values are accompanied by a value estimating the uncer-
tainty in the measurement of the specific nuclide.

Samples for gamma analysis are prepared according to “Prepara-
tion of FRMAC Field Samples for Gamma Ray Speclromelry.”

Sample density and homogeneity ara also lactors which may affect
quantitative results. Errors can be minimized by preparing efficiency
calibration slandards in a similar matrix and placed in identical count-
ing positions on the detector. The charcoal cartridge sample should be
counted in both the up and down positions and the resulls averaged.

When counting gamma emitters with a Nal(Tl) detector, significant
interference may cccur. If gamrma rays from different radionuclides are

FAMAC Mommonmns Ao Anarsis Mayual
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Apparatus

Procedure

similar in enargy, peaks will overap and will be difficull to resolve.
Higher enemgy gamma rays which predominate may completely mask
minor, less energelic pholtopeaks for both Ge and Nal detectors. The
use of Ge detectors minimizas resolution problems.

Cascade summing may occur when nuclides emit gamma rays in
coincidence. Be aware that certain nuclides will be underestimated
when using peak searching routines. Extremaly high counting rates
can cause speciral shifls and distertion with both counting systems.
Increase the distance between the sample and the deteclor, or screen
and dilute samples, when necessary, to avoid this problem and the
potential contamination of the counting equipment and possibly labo-
ralary personnel.

1 Large volume Ge (=25%) or Nal detector with oplional shielding.
Planar or Be end window Ge detector for low energy gamma ray
measurement in air filters or smears (2° diam.).

2 Supporling electronics.

3 Data acquisition system including a multichannel analyzer with a
computer which collects data, provides a visual display, stores
spectral data, and provides hard copy printouls of analysis
results.

The computer should have software to perform peak integration
and nuclide search and activity calculation routines lor high resalu-
lion Ge spectrometry or linear regrassion or othar peak unfolding
routings for low resolution Nal counting.

The analyzer should be able o provide 2048 or 4096 channels for
Go spectral data storage or 256 or 512 channels for Nal spectrom-
etry. The computer should also be able to generate a lable of MDA
values for all nuclides in the computer library usad with the germa-
nium detector, or lisl specilic nuclides of interest defined by the
sample matrix counted.

1 Count the sample and pedorm peak search and integration rou-
linés and the peak background subtraclion rouling if necessarny.
Calculale activity concentrations and associated counting uncer-
lainties of the nuclides identified. Calculate MDAS for nuclides of
interast not identified in the sample specirum and identify possi-
bilities for lines detected in the spectrum which are not listed in
the gamma ray library.

2  Counl non-homegeneous samplas, such as radiciodine car-
tridges or soil samples représenting a given deposition area, a

23
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second time in an identical bul inverted geometry; average the
results of the two counts,

2 Nole on analytical repors samples containing high suspended
solids or sediments and eslimate uncertainty in the measure-
ment.

4 Relsain all raw data.

& Each mobile Laboratary Supenvisor verifies rasults betore sub-
mitting them 1o the MD Laboratory Analysis Specialist for review.

Calculations
Calculate individual radionuclide concentrations from:
Conc=AT+EffeY s S e D« CF)
whers
A = peak area above conlinuum {Counts)
T = count langth (seconds)

Eff = fractional detector efliciency at pholopeak energy
(counts/gamma)

¥ = fractional gamma abundance (gammas/disintegration)
S = sample size

D = decay comaction (collection o count)
(EXP{-0.693 dT/T{1/2})

CF = Conversion factor (1.00 for Bq, 0.037 for pCi)

The 2-sigma counting uncerlainty is calculated from:

Error(36) = 200 « SORT{A+2C)A
where

C = pholopeak area below continuum (counls)

Precision and
Accuracy
Functions contributing to pracision and acsuracy are:

»  Sensitivity achievable in the analysis

24
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» Counting parameters, such as count time and geomelry
» Sampling uncertainlies.

To estimate precision and accuracy, analyze an approgriate number
of spiked samples, blind samples, duplicate samples, and replicates.
These analyses will be conducted at & fraquancy that will ensure an
acceptable level of data quality.

Quality
Assurance

Energy calibration should be verified during review of results of each
sample.

System background spectra should be collected using an empty
sample container and the same count time as used for samples.
Background spectra should be collected at the beginning of each work
shift and whenever contamination of counting equipment is known or
suspected,

Calibrations

Perform energy calibration using standards of energies comparable
1o the isolopes of interast. For example;

Detector Type of Gamma Source  keVichannel

Ge multi-line 0.5-1.0

Mal (258-channel) | 3-4 ling =10
(4m-241, Cs-137, Co-60)

Adjust the amplifier gain and the analog-to-digital converer zero offset
to locate the various peaks in the appropriate channels,

1 Perform efficiency calibrations using a NIST-traceabla mixed
gamma source for Ge spectromelry or a senes of individual cali-
brated nuclides for Mal counting.

Calibrations, preferably in the same matrix to be analyzed, must ba
performed for each of the standard geometries belore they can be
used in routing counting.
2 Calculate eficiencies at several well-spaced gamma energies
(photopeaks) over the normal range of analysis.

3 Count the standards for sufficiont time to accumulate at least
10,000 counts in each photopeak area,

25
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4 » Plot the counting efficiency vs gamma enargy for each
counting geometry-detector combination. Use the curve for

sample analysis.
Calculate counting elficiency from:

Eff = RfiA - 1)
where

ft = net counl rate, counts per second (integraled counls in the

photopeak above the base line continuum divided by the
counting time in seconds),

A = aclivity of the radionuclide added to the standard geometry
container (disintegralions per second [Bq]) comected for decay
to the time of count.

¥ = fractional yield or abundance of the specific gamma ray for the
given nuclide (gammas/disintegration).

Examples
» Table 2 presents an efficiency data calculation sheaet,

» Efficiency curves for a 3.5 L and a 27 filler on a 30% Ge detactor
are presenled in Appendix B, Figures 1 & 2.

Efficlencies for non-standard geometries can be astimated by
normalizing the straight line porticn of the log-log efficiency vs energy
curve of an established geometry-detector combination.

1 Prapare a sample containing Cs-137 and Co-80 in the new
geometry and determine the counting efficlencies at 661, 1173,
and 1332 kel as described above.

2 Calculate the ratios of the three afficiencias for the two geomse-
trigs.

3 Adjust he straight line porion of the standard curve for slope
and interceplt 1o produce a curve for the new geometry.

Linear regression Interference tactors for resolving Mal specira are
delermined by calculating the counling efficiencies of interfering
nuclides in the region of interest of the nuclide.
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Table 1. Sample Gamma Ray Library,
Library Title
Library file name SOISK1[USERISHORTNLET,. | (|
Date printed 25-JAN-1 990 09:07:58:70 111 [, flpd
Number of nuclides 45 LI T
Number of Enes 118 R

MNuclide Nuclide | Key | ' 1., :
Name Half-Life Type Line'| | Energy | Abundance

Be-7 53.44D activation | /| 477.59keV|| 10.42%

Na-22 | 260v activation | {"'|1274.50kev| 99.90%
K-40 128E+09Y | matural | 11| 1460.81 keV |  10.67 %

cr51 | 27.70D activation, | )|/ 320.08 keV 9.83 %
M54 | 312700 | activation| 1y | 83483 kev| 99.97 %

Co-57 | 270800 | fission |l qe20ekev| e551%
'13s.48kev| 1060 %

B10.76 kel 99.40 %

1099.22 keV 56.50 %
1291.56 keV 43.20 %

Co60 |527v . |acwaioni[r  |1173.22kev| 100.00%
133249 koV | 100,00 %

Zn65 |24440D | activation 111552keV |  50.75%

Se-75 121.11 keV 16.70 %
136.00 keV 59.20 %
26465 keV 59.80 %
279.53 keV 25.20 %
400.65 kel 11.40 %

520.41 keV 46,00 %
529.64 keV 30.30 %
552.65 keV 16.40 %

sras| Il 6a8dp | fission 513.99keV| 99.27%
v-88 | 106600 | fission 898.02keV | 93.40%

i 1836.1 keV| 99.38%
MNb-85 35.06D figsion T65.79 keV 89.81 %

2r-895 64.020 aclivation 724.18 keV 43.70 %
T36.72 keV 55.30 %

Cos8 | 70800 | activation | Ll
Fe59 |44.63D | activation |\l

Rb-83 /11
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Nuclide Nuclide | Key i wl,
Name | Half-Life Type | Line | Energy | Abundance
Ru-103 |39.350 | fission 497.08 keV |/ 189.00 %
Ru-106 | 368200 | fission 621.84 keV| | 9.80%
Cd-109 | 464.00D figsion Jn| 8803 lm\r' 3.72%
-.:_:!
Sn-113 11 51000 | fission b | 2‘5512-k&\r' 1.83%
e | 99169 keV | 64.90 %
Sb-124 | 60200 | fssion 0| 8oz 1 [p—
ik [ _E4555kw 7.26 %
it (e 72278 keV | 11.10%
it 1691 02keV | 49.00%
Sb-125 | 2.77Y | il ‘E?E 33 keV 6.89 %
loe, | '427.89koV|  28.33
1| 483.38 keV 10.35
600.56 keV | 17.80%
606,64 kaV |  5.02%
635.90 keV 1.32%
I-126 12.93D 388.63 keV | 20.10%
So-126 12,400 571, 666.33 kaV 99.62 %
JHlE 69500 keV | 9962 %
gl 697.00 keV | 29.00%
1 720.50 keV 53.80 %
P 856.80keV | 17.60%
F31  |/8.04D 284.30keV| 6.05%
g 11— 364.48keV | 81.20%
il |-!-|:;:' | .'!' 4 636.97 koV TJEE%
L4 o 722.89 keV 1.80 %
Ba-133 | 10.50Y | | fission 79.62keV| 255%
A i 81.00keV| 33.00%
i A ' 276.40 keV 6.90 %
et A 302.84 koV | 17.80%
356.01 keV |  60.00%
383.85 keV 8.70 %
fission 563.23 keV 8.38 %
56932 keV | 15.43%
604.70 keV | 97.60%
795.84 kaV B5.40 %
801.93 keV BT3%

WVoLUME 2 - SAMPLE PREPARATION AND ANALYEL

29



August 1998

20

Nuclide Nuclide | Key AT
Name | Hali-Life Type | Line | Energy | Abundance
Cs-136 | 13.16D fission 17655 keV | | 13.56 %
27365keV | | 1266 %
340.57 keV | ' 4B.50 %
81850 keV |, 99.70 %
1048.07 keV | 1179.60 %
123534 ke || 19.70 %
Cs137 | 3047y | fission \661.65keV [ B5.12%
Ce-139 |137.66D |fission | [/ | 18585keV| 80.35%
Ba-140 |1270D  |fission |/ n| 16264kev| 670%
R s0s.8akev|  4.50%
dnf. | sazEzkev| 25.00%
La-140 | 4022H | fission!,/\ || i} 328.77 keV | 20-50 %
G| 487,08 ke | 45.50 %
e il 81585 kv | 23.50 %
il 150840 kev | 95.49%
Ce-141 | 14544 kev| 48.40%
Ce-144 13354 keV | 10,80 %
Eu-152 121.78keV| 28.40%
: 244.69keV|  7.49%
i 34427 keV | 26.50%
il atkeV| 221%
44398keV| 3N %
778.89 keV
: ge732keV|  4.16%
i 964.01 keV | 14.40%
| 1085.78 keV |  10.00%
1112.02keV |  13.30%
: 1407.95keV | 20.70%
Hg-203  |146:60D " | activation 279.19koV | 77.30 %
i W L

Pb-210 | 2230Y | natural 4650keV|  4.00%
Pb-214 |2680M | natural 7481keV| 633%
i 74 keV |  1070%
201.90keV|  7.46%
20521 keV| 19.70%
Ra-224 | 3.64D natural 24097 keV|  3.69%
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Nuclide Nuclide | Key
Name | Half-Life Type Line | Energy | Abundance
Ra-226 1602.00Y | natural 18621 keV 13.28 %
24198 keV | | 7.49%
28521 keV 19.20 %
35182keV] A720%
609.31 keV 46.30 %
Ra-228 | 6.70Y natural 338.40 kaV 12.01 %
911.10 keV 29.00 %
96890 koV |  17.50 %
Th-228 1.85Y natural 1 .Eﬂﬂ.EﬂIHE\I’ 43.10%
|| 583.20 keV 30.90 %
Th-234 | 1000.00Y | natural | 6330 keV| 381%
| o2e0kev| 5.42%
U235 | 7.04E+08Y | natural Lillqas7e ke | 1050 %
il 16335keV|  470%
| 18571 kev| 54.00 %
L] 20531 kev ]| 470%
Np-238 | 2.35D Mission |0 | 10613 ke | 2270 %
EEREE | 22819 keV| 1070 %
il 27762 keV | 14.10%
AM-241 | 43220y | actvation! | 59.54 keV | 35.70 %
31
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Table 2. Calculation of Gamma Efficlency
CALIBRATED 01 NOV-33

5.1585 grama/sample I

Ty spike || | EFF
Nuclide | (keV) | Abund | gam/sec.g | Days | gam/sec | cps® | cpsi/gps®
Am-241 €0 | 03570 | 1140 | 1.58Es+05 | 5882 | '35.31 |  D.600
Cd-109 88 | 0.0370 652 |484E+02 | 3324 | 3535 | 1.084
Co-57 122 | 0.8551 se7 |z71E402 | 3018, | s821/[ 1.266
Ce-130 | 166 | 0.8035 690 | 138Es02 | 3420 || /4123 1208
Hg-203 | 279 | 08155 | 2023 | 4ssEs01 [ (9267, | ‘8123 | o0.876
sn113 | 202 |ooea | 215 [ 1.15es02 ] 1u:m-_' 7065 | 0.679
Sr-85 s14 | 0sem | a0zt |eqceodllll 49046 | 10564 | 0555
Cs-137 | 662 | 08512 | 2499 | 1.10e404 ' '1233?"': 59.88 | 0.465
Y88 a8 | 00240 | 6279 1u?E+n2 :au?s-s 1254 | 0366
Co-80 1173 1.0000 3522 1 EI'EEH:IE- { "15;‘]19 L4533 0.300
Co-60 1333 | 1.0000 3525 ,.;1 92E+na i_:j_mss 48.15 | 0.286
Y-88 1836 | 0.933a8 6854 | 1.0 u?Em:?.- 325@2 §9.02 | 0212

SPIKE = {gammasisec « gram) « (@ EXP{-0.603 « rrimnl]—T{mlib:n‘p.lT{I.l‘EJJ:l (grams/sarmpbe)

EFF = 100 « cpa/SPIKE

B pouniefeos

¥ gammasisac
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GROSS ALPHA AND BETA IN AIR

Scope and

Application

Summary of

Method

i Amhte- Gmss A1pha and Eeta

Iulmmmm Dat‘uctui:la Aﬂlwlty o
i _Bp_ % 1077 pCifm? for Alpha /|

2400 1078 pﬂifnﬁf::zr Beta'

I‘-‘mﬂum; Count the air fillers |
with a. gaa prap-n-’rﬁaml mumﬂr

A.rmlrms tlm-B: ﬁppmmmataiy
24 samplaa p-er da'jr

;:'}Amura-:::.r Eh-.'-tﬂd be wihnn
5__!- ED"..-&nI Imnwn u‘alue

mmm bamdmap'l:i n*ﬂ:i-m vl 2
1|:l-.um:1.1‘nlv:mrsd:|[r P

This procedure is for the preparation of 5- or 10-cm (2- or 4-inch)
glass fiber air filters for alpha/beta gas-proportional counting.

Sample handling and preparation is applicable to 5 cm glass fiber air
filters collected for the manitoring of environmenial gross alpha and
beta aclivities.

This method provides an approximate measure of the alpha and
bata activity of air filters, It is imended as a screening melhod and at
best provides only approximate results. The method requires that the
approximate detection eliciency of the instrument be known for both
alpha and bata activity in air filters. Becausa the filters must not be
covered during counting, special care must be taken lo avoid cross
contamination.

Sample Handling
and Preservation

Store air filters in a plaslic or glassina anvelope until ready for counl-
ing.

Interferences

At collection, natural radicactivity will be present in substantal
amounts for savaral days aftor scamplo collection. Whan counting sam-

33
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ples wilhin ong week of collection, care should be taken to account for
radon/thoron progeny.

Supplies
Disposable shallow dish planchets
Envelopes for air filtars
Gas fiow proportional counter
Marking penTweezers

1 Mark a counting planchet with the sample number. Carefully
transier the air filler “collected side up® to the numbered planched
using hweezers.

2 Place the labeled planchets into the proportional counter sample
holder.

3 Count the sample for a period determined by the Laboralory
Supervisor.

4 Calculated resulls may be obtained with computer sottware, EHi-
clency factors for both alpha and bela are required.

Calculations
Gross alpha activity is calculated as follows:

":'1 - C-b
(2220 Eff) Val)

Activity Concemtration (pCifm®) =

where
C's = sample counts/min.
C} = background counts/min.
Eff = calibration afficlancy

Vol = sample voluma{m®)

o = (2) (Activiry)

whare
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Zr = amor (2 times sigma)
C; = sample counts (gross)
3 = background counts

T = counting time

271 + (465 [C,

MDC = G EmveliT)

where:
MDC = Minimum Detectable Activity
L3 = background counts
T = counting time (must be same for sample and background)
EfT = calibration efficiency
Vil = sample volume (m?)
Gross beta activity is calculated as follows:

» |l there i3 no significant alpha count when the sample is
counted at the alpha voltage plateau, the beta activily can ba
delemmined as follows:

Activity Concentrafion {p-lf':'fm}} = Cs % Cy
' (2.22) EffN Vol)

where
C; = sample count/min
Cp = background countimin
Eff = beta efficiency lactor
Vil = sample velume {m®)

» When counting beta radicactivity in the presence of alpha
radicactivity by gas-flow preportional counting syslems (at the beta
plateau), alpha particles are also counted. When significant alpha
activity is indicated al the alpha plaleau voltage, the beta aclivity of
the sampie can be determined by counting the sample at the bata
voltage plaleau and calculating the activity from the lollowing
equation:

Valune 2 - SANPLE PRCPANATION AND ANALYES
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Activity Concentration {F‘:""'r "'!] 2 Eéif;ﬁf;;‘f I!r"a-'l'

wiheara

C, = netl bata count rate (gross count rate minus the background
count rale at the bela voltage plateau)

A = nel alpha count rate (gross alpha count rate minus the
background count rate) al the alpha vollage plateau.

E = alpha amplification faclor, read from the graph of the ratio of
alpha counted at the bela voltagefalpha counted at the alpha
vollage

Eff = beta efficiency factor

Vol = sample volume (m*)

The counting uncerainty and the MDA calculations are the same as
those used for the gross alpha activity.

36
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TRITIUM SCREENING METHOD FOR WATER

rdntm: 'Hﬂh‘.!r I i
ﬁn:umw E"ariahla usedas
asmamlng maumd Dl!lh".rh:ll
hrmu:lmﬁ.ms. 3]

Scope and
Application

m

Summary of
Method
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It activity is found by this method, use the distillation method, “Tri-
tium in Water by Distillation,” to conlirm the presence of {ritium. If
activity is found by this method but not by the distillation method,
some other natural or adificial radicnuclide is likely present.

The results and the behavior of the liquid scintillation counter
can be routinely monitored by counting a tritium standard and back-
ground samples in the sama batch as the prepared waler sample.

An aliquot of the raw water sample is taken and mixed with a liquid
scintillation cocktail in the propodions recommended by the manufac-
turer of the cocktail. With the more recent nonhazardous cocktails, this
usually requires 4-5 mL of sample and 16-15 mL of cocktail. Sample
+ Cocktail = 20 mL.

The scintillator solution, mixed with the radioactive samplo, is
exciled by alpha/beta particles and emits light pulses by a molecular

37
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Sample Handling
and Preservation

Interferences

Apparatus

Reagents

38

do-pxcitation process. The number of pulses per unil time is propor-
lional to the guantity of activity presant. Multiple solutes are used in
the scintilator to provide the best combination of wavelength and
pulsa height for this application,

The pulses are detected by two photomulliplier tubes connected in
coincidence and converted to alectric signals. The amplified pulses
are recorded and the count rate is measured. The efficiency of the
syslem can be delermined by use of preparad tritiated walar stan-
dards having the same density and color as tho samplo.

Collect water sample In its natural state.
Do not acidify.

Since Irtium in waler is either in tha form of T=0 or HTO, there is no
need lor special handling or preservation.

Tritium in background water is an interferance. Slightly elevated lew-
els are préesent in surfase watars, 50 doop woll sources for back-
ground water should be used.

All fluors should be checked for excitation under lighting condi-
tions being used and, il necassary, they should be exposed only 1o
red light. Toluene- or xylene-based solutions are nol used due lo
wasle issues. Reagents are commercial, nonhazardous liquids scin-
tillation solutions. Scintillalors exposed 1o fluorescent lighting should
be dark-adapted for a minimum of 1 hour,

The use of plastic vials may cause buildup of static charge and give
erralic results. Tritium can also migrale over a period of time,

Colncidence-type liquid scintillation spectrometer

Liquid scintillation vials: Low-potassium glass is recommended.
Folyethylene vials may be used when dioxane liquid scintillalor solu-
tion is used.

Background walter with tritium activity below the minimum
detectable actvity (most doop woll walors are low in nliem contenl).
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Procedure

Calculations

Commercial, nonhazardous liquid scintillation solution

These preparations vary in their sample camrying capacity. Normally,
commercial solutions will take from 4 to 10 mL of waler sample when
the total volume of cocktall and sample is 20 mL. Use the proportions
recommended by the manufacturer of the cocktail, and mix sample
and cocktail.

1 Prepare background and standard tritium water sofutions lor
counting, using the same amount of walter and the same scintilla-
tor a5 used in the preparation of samples.

Usa kow tritium background distilled walter lor these preparalions
{distillate of most deep well waler sources is acceptable, bul each
source should be checked for tritium activity before using).

2 Dark-adap!i all samples, backgrounds, and standards.

3 Count the samples, backgrounds, and slandards al leasl long
enough to meet the required detection limit for the sample.

Triliurn is nomally counted with a window setting whera the ligure of
merit s at maximum.

E? = (Efficiency)*

Figure of Merit = B (Background)

Calculate the tritium concentration, A, in picocuries per liter as
follows:

(C = &) (10KD)

A= R22 B W (D

where
C = sampla count rale, cpm
B = background count rate, cpm
E = counting efliciency, as determined below
V =volume of the sample aliquot in mi
F = recovery comection factor, as delermined
2.22 =conversion factor for dpmipCi

39
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Calibrations

Dotermine the counting efficiency, E, as follows:

wherns

[ = distilled water standard count rale. cpm

B = background count rale, cpm

G = aclivity of distiled water standard (dpm)

Calculate the recovery correction factor, F, as follows:

F= l.— B
(E) (M)

where

I. = raw waler standard distillate count rate, cpm

£ = background counl rate, cpm

£ = counting elliciency, as determined in above

M = activity of raw water standard (bafore distillation), dpm

Dotermination of Recovery and Counting Efficiency Factors (Seo
Calzulations Saction)

1

Raw Water Tritium Standard Solution. Into a 1 L velumalric
flask, pipette a Irtium slandard solution containing approximataly
1000 disintegrations per minute (dpm) per mL and dilute 1o vol-
umea using low level tritium background raw water {(undistilled)
and standard tritium activity. Labe! this solution “Raw Wator Tri-
tium Standard Solution.”

For tritium background determinations, distill approximately
€00 mL of waler, oblained from the same raw water source as
above (without tritium activity added). Using the distillate and stan-
dard tritium activity, prepare a lritium slandard solution in a 500 mL
volumetric flask containing the same specific actvity as the “*Raw
Water Tritivm Standard Solution.” Label this solution “Distilled
Water Tritium Slandard Solution.”

2 For liquid scintillation counting, prepare three aliquots of the

“Raw Water Tritivm Standard Solution.”

40
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Precision and
Accuracy

Distill three aliqguots of the “Distilled Water Tritium Standard
Saolution” and three aliquets of the distilled raw water (for
background).

Mix appropriate distillate with liguid scintillator 1o give 20 mbL
total volume in a liquid scintillation vial.

Some of the newer, nonhazardous commercial cocktails may
require smaller volumes of sample. Follow the instructions of
the manufaciurer in those cases.

Shake well and dark-adapt the vials overnight.

Count each vial in a liquid scintillation counter long enaugh to
meat the required detection limit.

This method iz intended for 2creening only and therefore no
attempt was made to determine pracision and accuracy. Undear idaal
conditions, whare the water is very clean and no other radicnuclides
are present, the accuracy should approach that of the coenventional
distillation method,

41
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TRITIUM IN WATER BY DISTILLATION

Scope and
Application

Summary of
Method

42

This method covers the measurement of tritium in a sample of
drinking water by liquid scintlllation counting. Allhough the
method was intended for measurement of tritium in drinking water, the
method is essenlially lhe same as most methods for measurement of
tritium in amy water sampla,

The results and the behavior of the liquid scintillation counter
can be routinely monitored by counting a tritium standard and back-
ground sampies at the same tlime as the prepared water sample.

A 100 mL aliquot of a water sample is treated wilh a small amount
of sodum hydroxide and potassivm permanganate, distilled, and a
specified fraction of the distillate Is collected for Iritium analysis. The
alkaline treaiment prevents other radionuclides such as radicicdine
and radiocarbon from distilling over with he Iritium. Some water will
contain trace quantilies of organic compounds (especially surface
waler sources thal contain fish and other life). The permanganate
treatment cxidizes trace organics in the sample aliquol which could
distill over and cause guenching interferences.

A middle fraction of the distillate is collected for ritium analysis
because Ihe early and late fractions are more apt to contain interfering
materials for the liguid scintillation counting process.

The collected distillate fraction is thoroughly mixed. A partion is
mixad with liquid scintillater solution and, after dark adapling, is
counted in the liquid scintillation counting system for tritium bata par-
ticle activity.

FRMAC Bowmomineg AND Axaryses hapva



August 1998

Sample Handling
and Preservation

Interferences

Apparatus

Reagents

The water sample should be collected in Its natural state.
Do not acidify.

Since tritium in water is very likely to be in the form of T30 or HTO,
there is no need for special handling or preservation,

Tritium in background water Is an interference. Slightly elevated
levels are present in surface waters, 50 deep well sources for back-
ground watar should be used.

All fluors should be checked for excitation under lighting condi-
tions baing used, and il necessary they should be axposad only 1o red
light. Teluene- or xylene-based solutions are nel used due to waste
Issuas. Reagenis are commercial, nonhazardous liquid scintillation
solutions. Scintillators exposed to fluorescent lighting should be dark-
adapied for a minimum of 1 howr.

The use of plastic vials may cause buildup of static charge and give
erratic rasults,

Coincidence-type liguid scintillation counter with alpha and beta
spectrometry capabilities.

Liquid scinfillalion vials: Low-polassium glass is recommended.
Polyethylene vials may be used when dioxana liquid scintillator solu-
lion is used.

Distiliation apparalus: For aqueous distillation: 250 mL and 1000 mL
round bottom pyrex flasks, connecting side arm adapter (such as
Coming part #90€0), condenser, gradualed cylinder, basling chips, and
heating manile.

Reagents for distillation treatment: sodium hydroxide peliets and
polassium pemmanganate (ACS - reagenl grade).

Background water with tritium activity below tho minimum delecl-
able aclivity (most doop well waters are low in lritium content).

Commerclally available scintillator solutions, preferably biode-
gradable. Refer to “Tritium Screening Method for Waler,” Interlor-
Bnces.
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Procedure

Calculations

4
5

Add 0.5 g sodium hydroxide and 0.1 g potassium permanganale
to a 100 mL aliquot of the sample in a 250 mL distillation flask.

» Add a boiling chip ta the flask.

» Connect a side arm adapter and a condenser to the outlet of
lhe flask, and insert a graduated cylinder at the outlet of the
condenser.

» Heat the sample to boiling to distill, and discard the first 10
mL of distillate as a separate fraction.

It is impartant that the first 10 mL fraction for samples and
standards alike be discarded, since there is a gradient in the
tritium concenlration of the distillate,
»  Collect the next 59 mL of distillate for tritium analysis and mix
thoroughly.

Mix appropriate distillata with liquid scintillator to give 20 mL total
volume in a liquid scintillation vial,

Frapara bacxground and standard tritium water solutions for
counting, using the same amount of waler and the same scintila-
tor as used in the preparation ol samples.

Use low tritium background distillad water for thesa preaparations

(distillate of most deep well waler sources is acceptable, but each

source should be checked for tritium aclivity befare using).
Dark-adapt all samples, backgrounds, and standards.

Count the samples, backgrounds, and slandards &t least long
encugh 1o meet the detection limit required by the Laboratory
Supervisor.

Tritium is normally counted with a window sefling where the figure of
mert [5 at maximum.

EX  (Efficiency)*

Figure of Merit = G = oin s

Calculate the tritium coneentration, A, in picocuries per liter as
follows:

FREAAC Moumonme anp Aracysis bana



August 1938

A = 1C=B) (1000)
(2.22) (E) (V) (F)

whero

C =sample coun! rale, cpm,
B =background counl rate, cpm,
E = counting efficiency,
V = volume of the sample aliquot in mL,
F = recovery faclor,
2.22 = conversion factor for dpm/pCi.

Determine the counting efficiency, E, as follows:

whara
D = distilled water standard count rate, cpm,

£ = background count rale, cpm, and
{7 = activity of distilled water standard {dpm)
Calculate the recovery correction factor, F, as follows:

_1-B
Fa (E) (M)

whare
[. = raw waler standard distillate counl rale, cpm,
B = background count rale, cpm,
E = counting efficiency, and

M = actvity of raw water slandard (before distillation), dpm.

Calibrations
Determination of Recovery and Counting Efficiency Factors (See

caleulations)
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» Raw Water Tritium Standard Solution. Into a 1 L volumetric
llask, pipetta a tritium standard solution conlaining approximalely
1000 disintegralions per minute (dpm) per mL and dilute to volume
uging low level titium background raw water (undistilled) and stan-
dard tritium activity. Label this sclulion *Raw Waler Tritium Stan-
dard Solution.”

For tritium background determinations, distill approximately
600 mL of water, obtained from the same raw water source as
above (withcut tritium activity added). Using the distillate and stan-
dard tritium aclivity, prepare a tritium standard solution in a 500 mL
volumelnc flask containing the same specific activity as the “Raw
Water Trtium Standard Solution.” Label this solution *Distilled
¥ater Trtium Standard Solution.”

» Agqueous permanganate distillation: To a 100 mL aliguol of the
“Raw Water Tritum Standard Solution” in a 250 mL distillation
flask, add 0.5 g sodium hydroxide, 0.1 g potassium permanganate,
and a boiling chip.

Continue according lo the procedure described in Step 1 of Proce-
dure section. Discard the first 10 mL and collect 50 mL of the distil-
late for analysis. Mix well. Repaat the distillation wilh two more

100 mL aliguots for Iriplicate analyses.

» For liquid scintillation counting:

1 Prepare three aliquots of the “Raw Water Tritium Standard
Solution” distillate, three aliguots of tha “Distilled Water Tritium
Standard Solution,” and three aliquots of the distilled raw water
(for background).

2 Mix appropriate distillate with liquid scintillator lo give 20 mL
total volume in a liquid scintillation vial,

Some of the newer, nonhazardous commercial cocktails may
require smaller volumes of sampla, Follow the instruchons of
the manufacturar in those cases,

3 Shake well and dark-adapl Ihe vials avernight.

Precision and

Accuracy
This methed is capable of providing dala precise and accurate enough
to meet the data quality chjectives specilied by Ihe Laboratory Super-
visor in gither early or lale stages of the release.
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BETA SCREENING OF SMEARS

Scope and
Application

Summary of
Method

Supplies

Procedure

R It

Samphwm 'l-"lﬂpesﬂrm-hear, Ll
Sl Imurmciq.rckm prepnmlhn

-.ani:lnmmng
i Z"Hﬂn:'&ﬁ:-nrﬁnannquu
© scintillation vial Lt

iﬂccurq;jr: Gmdml'ﬂn i

ﬁ.mp!aairmul:'ﬁu nasal smears

' Goumw quu}dsﬂmllalmnwal :'-;":.
| Procedure: Compare count resufts |
:-Irnm liquid scintilation !.‘rfsamplea T

ﬁpikedsampms | Ll

Armhmh ﬂmn Appmmtel:.r

10% of known value EIR

This procedure is applicable to analysis of either filter or “Q-Tip"™

wipa tests.

The resulting data will screen for the presence of depositad alpha
and beta emitters on surfaces or those deposited in nasal passages of
personnel exposed to airbome radionuclides.

Samples are placed into a scintillation vial with 20 mL of suitable
scintilation cocktail that does not require dark adaption. Tho vial is
capped, shaken, and counted. Counts from samples are compared to
Ihose of spiked samples counted in the same batch.

Cellulose nitrate fillter papers, 2°

Liquid scintillation vials, 20 mL with poly-seal caps

Liquid scintiltator solution
O-Tips

Radiwactive standard solution appropriate o isotope(s) of intorost

Prepara background sample

1 Place a clean cellulose nilrate filler paper or a Q-Tip inlo an

emply scinlillation vial.

VELUME P - SAMPLE PREPARWTION AND ARNALYSIS
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3

Add 20 mL of Packard Filter Count (or equivalent) scintiflation
cocktail. Cap the vial tightly and shake it for 20-30 seconds.
Wipe off any lingerprints.

Place this vial in the firsl position in the sample balch.

Prepare Standard Performance Reference Material (SPRM)

1

2

Sample
Preparation

Sample Counting

Calculations

Prepare two (2) SPRM samples for every lon samplos or less.

Place a clean cellulose nitrate fitter paper or Q-Tip into each of
the duplicate scintillation vials.

Aod 80-100 pCi of traceable radicactive slandard (of the isolope
of intérest) to each vial.

Bring the volume to 20 mbL by adding appropriale scintillaticn
cocklal, Cap the vials tightly, shake them lor 20-30 seconds,
and wipe off any fingerprinis.

Place one SPRM vial in the second positicn in the sample tray
and the other vial immediately alter the last sample to be ana-
lyzed.

Place the cellulosa nitrate filler paper or the Q-Tip into a clean
acintillation vial.

Add 20 mL of scintillation cocktail,

Cap the wial tightly, shake it far 20-30 scconds, and wipge off any
lingarprints.

Place the sample vial{s) starting in the third position alter the first
SPAM. Place the sccond SPRM sample immediately aftar tha
fast sample vial,

Place the samples (background, SPRMs, and unknown samplos)
into the appropriate trays or sample locations in tha liguid scin-
tillalien analyzer.

Counl each vial for a ime sulficient 1o meet data quality objec-
tves,

Calculate the activity of the sample in picocuries as follows:

48
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C=08

Aty = o (&)

where
C =sample count rate, cpm
R =background count rate, cpm
Eff = counting efficiency
2.22 = conversion factor for dpmipCi

Determine the counting efficiency, EH, as follows:

where
D = standard in distilled water count rate, cpm
£ = background count rate, cpm

{i = activity of standard in distilled water, dpm

49
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RADIOACTIVE KRYPTON AND XENON IN AIR BY

CRYOGENIC SEPARATION

. ,.Anu’ljrta'll'::-ﬂﬁanﬂxe—j.‘_,[&:in' ;

|| Minimum Detectable Activity:
5pl:i|’n13 al lime of count for 0.5 m

Erpnedure* Punf:.r,and isniatﬂ l{::grp
' fon and Xenon by g r:h'ﬂmala::gm-_

ph;.r and cnunl ]:n_.r Ilqulq:l sninﬂllat]nn

Anal-,r:smtima' E 'nrs

it 'Ancunmn',r Fa]r :L-Emﬁ

......

Scope and
Application

Summary of
Method

Sample Handling
and Preservation

This is a procedure for the analysis of environmental air samples
for Radiokrypton and Radioxenon and applies only to the appa-
ratus shown in Figura 1.

This is a specialized procedure and requires special handling. This
procedure applies to all air samplas,

The stable noble gases kryplon and xenon, present at the parts
per milllon (ppm) level in the air sample, are purified and sepa-
rated In the analytical process. Any radioactive kryplon or xenon is
carried wilh Ihe stable isolopes and can be extracted with the stable
elements. This analytical procedure is based on gas chromatography.

The krypton and xenon fractions are counted separately by liguid
scintillation counting. The oplimum sample size is approximately
0.5 cubic metars of air at standard lemperature and prassura (STP).
Smaller samples have less krypton, making the analysis more difficult
and with grealer stalistical uncertainty. The minimum sample size is
approximately 0.3 cublc mefers.

Air samples are collected in pressurized containers, Except for
normal safety precautions associated with compressed air, no special
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Apparatus
and Supplies

handling or preservation is required. The short half-life of radioactive
xenon makes it necessary to analyze the samples wilthin a few days of
collection.

Interderences
Radon can somelimes be mistaken for Xe-133.

Figure 1 shows a schematic of the noble gas analysis apparatus.

Apparatus

Bottles (cylinders) for sample collection

Charcoal {lor sample collection traps)

Computer (for calculation, optional but preferred)
Copper tubing

Data cards, sample control supplies

Dewars (assortad sizes)

Diry ice maker

Fume hood

Gas valves (for vials)

Gas Chromotgraph (informally called "gas rig")
Glass vials (20 mL capacity} (custom made)
Glass traps-large and small molecular sieve traps {(custom made)
Heat gun

Heat unit for traps

Heating mantle (for heating cocklail)

Immersion typa heater

Ladle (for handling dry-ice acetone bath)

Pinch clamps

Pressure gauge for tanks (cylinders) (if not equipped with gauge)
Refrigeratar

Scintillation counter

Syringes (50 & 30 co)

Themnal gloves

Thamomelers

Yacuum pumps

Water source (used in cocktall heating sel up)

Supplies

ACBIone
Dimathyl POPOP
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Drente (moisture absorption from sample)

Dry ica

Ethyl alcohol

Helium supply (this is camer gas)

Liquid nitrogen

Molecular sieve 30/60 mesh (sample collection)

PPO

Toluene (for cocklail)

Preparation of Dry lce-Acetone Bath

1

2

Fill large dewar approximately 1/2 to 3/4 full of acetone.
Using dry ice maker, make a block of dry ice.

Slowly add the dry ice to the dewar of acetone in very small
plecas until acetone starts 10 cool down.

Stir liquid with ladle after the addition of each block of dry ice.
Conftinue to add dry ice until a slugh forms, Afler the weekend it
usually takes 3-4 blocks of dry ice. During tha réat of the waak il
will be necassary 1o add 1-2 blocks of dry ice ta maintain the
slush,

Once slush forms, cover the dewar as a precaution against
fumes.

Observe the following precautions:

» Wear insulated gloves and goggles when handling dry ice.
# Avoid exposure to acelone fumes.

» Noopen flames.

» Keep flask covered with sponge when not in use.

Preparation of Counting Cockiall

It iz important that the heating mantle for the cocktail be on and the
cocktail hot before injecting il inlo the sample vial.

1

In a 4 L Edenmayar flask waigh out:

» 1.5 grams Dimathyl POPOP

FRMAC Moumomss AND Axalyss Masual



August 1998

Calibrations

» 6.0 grams PPO
Add 4 L of scintillation grade toluene,
Stir until Dimethyl POPOP and PPO are complately dissolvad.

Pour prepared cocktail into 1 L round bottom flask to heat it for
use in the sample colleclion procedure.

The sample counting efficiency is determined by counting a vial
containing a known amount of Krypton-85, The computer calculations
comect for the decay of the Kr-B5 standard.

Procedure
1

Lab personnel recheck the pressure of each sample bottle
before analysis, even though it was recorded in the field,

I the pressure is more than 10% lower than listed on the card
(tag), check valve for leaks by immersing it in a pan of waler.
Install a new valve if necessary. It a sample has been lost in the
field, enter “insufficient sample” in data base. For samples lost in
the lab, etc., enter "sample lost” in dala base.

Weigh the full sample bottle and record the waight on the data
card.

It the bottle pressure is greater than 200 psi for the bottles, a
single bottle will provide enough sample for the analysis. If the
pressurg is less than 200 psi, both bottles must be used. Weigh
the empty container and record the weight on the data card. The
weight of the sample is the difference between the two weights.

Frepara tha gas rig to recaiva a naw sample by baking oult the
charcoal trap at 350°C

The large charcoal trap I8 normally in a prepared condilion since
prévious samples have bean ramoved b}f I}:E}dl‘l[;. If the valves to
this trap have been closed, then no preparation is necessary for
this trap. If the valve was left open, air can first be removed by
UEiI'Ig the vacuuwm and then D-EJ'III‘Q the trap while a helium How s
maintained. It is important not to bake the charcoal trap in the
presence of room air (i.e., with outside vent open), as this will ruin
the charcoal.

The last (molecular sieve) trap must be baked out on the rig while
a halium flow is mainfained. Alter 45=80 rminules, remove the
heating fumace and close the hellum vent valve. All vents on traps
should be closed fellowing bakeoul 1o keep out room air, Place a

53

VoLume 2 - SAMPLE PREPARATION AND AMALYSIS



August 1998

cyhinder of drierite in the inlet line o remove moisture from the
sample. Replace this matarial when the blue indicator color fades.

4 Loading sample onto charcoal. Immerse the large charcoal
trap in liquid nitrogen just belore loading the sample. Attach sam-
ple to rig at appropriate site. Opan valves 5 and 7. Open valve on
sample bollle and draw sample onto charcoal by means of the
pressure diffterenca. Walch the pressure reading; it should not
exceed 500 mm of mercury. If pressure is too greal, it could
cause hgquid ar 1o form and create an explosive mixture il liquid
air reaches the charcoal,

If you need to leave the rcom during this phase, stop loading the
sample and close all valves leading inte and out of the large char-
coal trap. If, while loading the sample, the pressure should exceed
500 mm of mercury for more than a few seconds, check the pre-
cooler for liquid air.

5 Degassing. Once the sample is loaded onto the charcoal, close
valves 5 and 7. A gross type of separation, referred 10 as degas-
sing, is the separation of the majority of oxygen and nitrogen
from ithe sample at —-80°C.

Feplace the liguid nitrogen bath around the charcoal trap with a
dry ice-acetons bath, while maintaining a helium fllow (by opening
valves 9, 10, and 11). The degassing process takes 1-1.5 hours.
Helium i being vented during this step.

& Heating. 15 to 20 minules prior ta iniiating the heating phase,
slowly raise the liquid nitrogen container around the convoluled
trap containing the molecular sieve. Closa valve 11 and cpen
valvas 13 and 15. (Do not close values 9 and 10.)

The charcoal trap is heated to driva the sample to the trap contain-
ing the molecular sieve by way of the helium llow, The heating
phase lakes 20 minutes and ensures that the entire sample is
lransfemred.

7 Krypton-85 is separated from the remaining impurities by
elution at a temperature of about =35°C. This phase separales
the noble gases from the partially purdfied sample. The sample is
Ao in the molecular sieve trap.

Firgl, close valves 9, 10, 13, and 15. While the sample is sub-
merged in liguid nitrogen, open valves 14 and 15, Check the
helium flow meter to ensure adequate flow rate.

Replace the liquid nitrogen with an ethanol bath al a temperalure
of =35°C 1o -<30°C. The alcohel bath is prepared by cooling a
small dewar {approximately 1200-1800 mL capacity) with liquid
nitrogen.
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Oncea the heater is in place, pour the liquid nilrogen out of the
dewar and fill the dewar 2/3 full of ethyl alcohol which has been
gtored in a freezer. The alcohol is stored in the freezer (o help
lower its temparature to =35°C more quickly. Check the lempaera-
lwre of Ihe alcohol before using it. The molecular sieve trap, hav-
ing just emerged from liquid nitrogen, will lower the alcohol tem-
perature 1o about —45°C. Tum on the chan recorder.

8 Elution. Submerge the copper loop located o the right of the
maolecular sleve trap in liquid nitrogen. Maintain liquid nitrogen
levels. Attach the small glass sample vial to the approprate con-
nection site located to the right of the copper loop.

You can open the charcoal trap to vacuum, valves 9, 10, and 11, with
E:ﬂ_> the heating fumace operating for an additional 20 minutes. This

ensures that the charcoal trap is purged of the sample and ready lor
ME-LiSE.

Oxygen should elute quickly, as indicaled by the peak on the chan
recorder. After the oxygen peak has passed and the pen on tho
recorder has returned 1o the base line, swilch the helium flow
threugh the copper loop to collect the kryplon fraction.

8 Second Helium Venting. After the kryplon has passod as indi-
cated by the char recorder, switch tha hellum flow to venl once
again. This will open the copper loop to the vacuum process
which removes traces of helium. Close the vacuum valve and
remaove the liquid nitregen bath from the wire loop. Using the
heat gun, drive the krypton from the copper loop 1o tha gmall
glass vial that has been previously evacuated. Record the pres-
sure reading from the manometer.

10 Xenon collection. Attach the sacond vial lo collect xenon.
Replace the liquid nitrogen around the copper leop. Replace the
ethanol bath water with a waler bath containing a wand healing
alament. Socon after the krypton peak has passed (3-5 minutas),
the nitrogen peak can be seen on the recordar; allow this to vent
oul,

Switch the helium flow through the copper loop to collect the
xenon fraction. Unplug the water bath when the water reaches the
boiling point, After the xenon peak has passed, as indicaled by the
recorder, once again switch the flow of helium back through the
venl. Close the vacuum valve, Remove the iquid nitrogen from tho
copper loops and heal the loops with a heat gun 1o drive the sam-
ple 1o the collection vial. Close the valve on the vial and record the
pressure reading.

Secura the rig and proceed 1o the hood lo inject the scintillation
cockiail into sample vials. Press tha small plastic cap onto the

sample vials. The samples are now ready to be placed on Lhe
COUnter.
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11 Place numbered vials in the corresponding sample holders
on the deteclor and record the placemeant number on the sample

data card, Dark adaplation of the samplas is not réquirad for this
procedure.

12 Count each sample for 200 minules on a Beckman LS-3123T
liquid scintillation counter or equivalent.

Rig Shutdown
1 Shut off all vacuum pumps.

Close all valves (helium supply and vent).

Release pressure on halium regulater.

F O

Open any sel of helium supply and vent valves 1o bleed helium
from the line.

n

Remove the large trap of the molecular sieve from the liquid
nitrogen and lay on the counter lop.

Reclese all open valves,
Turn off helium in compound.

Check to see that plaslic caps are on the vial attachment port.

- - T -]

Check to see that chart recordar and power supply are shut off,

Calculations

Krypton-85

(¥) (p) (273)
Vikml) = e @73 +

whare
Vi, = volume of krypton in vial
v = vial volume (mL)
p = vial pressure (mm)

t = lemperalure (degreas Celsius)

- : ifm?| = A
Krypion-85 (pCifm } (2.22) (C.E) [V} () (1)

FRMAC MoratoRirG AMD Analysis Banual



August 1998

whare
A = gross cpm-bkg cpm
222=C.E
C.E. = fractional counting efficlancy

Vir = volume krypton counted {mL)

weight of sample
(weight in grams of 1 m* dry air)

S=1293

Y=10. 1 4)(S)

Xenon-133

(W)(p) (273)
(7600 (273 + 1)

V ,'-,{.I'.H L] s

where
Wy = volume of xenon in vial
v = volume of vial {mL)
p = vial pressure (mm)
r =temperature (degrees Celsius)

".l' -
Xenon-133 or .-'l."cmu-l.’ﬁ{p{'f;’m’i] = (A) (Ve.)

(2.22) (C.E) (5) [Vy,)

where
A = gross cpm-bkg cpm
Viexe = volume Xe carmer added (mL)
2.22 = dpm/pCi
C.E. = fractional counting efficiency
& = sample size (m3)

Vi =volume xenon counled {mL)
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Quantitative/

Qualitative Criteria

Cleaning Noble Gas

Sample Vials

58

Results for krypton-85 and xenon-133 are normally constant in the
aimosphere. Kr-85 is usually between 20 and 30 pCifm?, while xenon
activity is normally not delectable. Spiked samples should be within
20% of the known value and blanks are below the detection limils, and
are essentially zero.

Limitations

The optimum sample size is approximately 0.5 cubic meler of air.
For samples of less than 0.3 cubic meters, the krypton peak may
become oo small to recognize.

Usea a fume hood.

.I

Remaove cocklail from vial uging the syringes or vacuum pump.

Dispose of wasle cocklall ina properly labeled conlainer as specificd
in the Chemical Hyglene Plan or by tha MD Manager.

Using a synnge, inject ethyl alcohol into wvials for the first alcohol
rinse and shake gently.

Aemove alcohol from vials using syringe or vacuum pump,

Using syringe, inject scapy waler or [soclean into vials. Clean in
the ultrasonic cleanar for 15 minutas,

Remove soapy water/Isoclean as with alcohol, above.

Using syringa, injact distilled or de-ionized water into vials to
rinse. Repeat this step as many times as needed 1o ensure com-
plete removal of all soap. Remove waler as with alcohol, above.

Inject alcohol into vials for second and final alcohol rinse. Repeat
steps 2 and 3. Be sure to remove as much ol the alcohol as pos-
sible.

Place vials on metal tray and place in drying oven. The door of
the oven should be lefl slightly ajar to vent for 20=-30 minutles at
the beginning of the drying cycle.

Dry vials for al least 1.5-2 hours al a lemperature of al leasl
100°C.,
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Checking for radloactive bulldup

Sample vials will be checked at least quarterly to ensure that no grad-
ual buildup of radicactivity escapes the cleaning process.

» Check the vials by lilling with cocklail and counting for 1 hour or
more. If the count rate is more than 10% higher than the normal
backgrounds taken al the same time, remove the vial from use.
Before retluming the vial 1o use, it must be cleaned and success-
fully retested by the same method.

» Segregale vials that are not suitable for use and tag tham as
delective to prevent accidental use. Records of testing will be
maintained in a laboralory nolebeok or in other permanent
racords.

Loading Xenon Carrier Vials

= The pelcock positions on the glass xenon handling apparatus arg
numbered and must be sel al the following positions:

[1] Closed
[2] Open
[3] Closed
[4] ©Cpen
[5] Open
[6] Closed
[7] Closad

= Tum on the vacuum pump. Check to be sure the valves on the
x¥enon bottle are both closad. Tum on the vacuum gauge.

» Lightly grease 8 carder vials and set them in position with clamps.
As vacuum increases, move vials slightly to ensure a good seal.
Be sure arrows on vials face upward so that the vials are open to
Yacuum.

» Open Petcock 6 slowly, counterclockwise, red point down. Pull
vacuum for approximately 15 minutes, The vacuum gauge should
read 100 microns or less. Check thal both mercury columns are at

equal height.

» Close Petcock 5. Slowly open lefl valve al xenon botlle slowly.
Allow mercury level to risa to 51 cm and close xenon valve.

# Close Petcock 6. Then close all xenen carrier vials with 1/4 lurn.

» Open Peteock 5. Remove vials, wiping off any excess vacuum
grease.

VaLUME 2 - SanPLE PREPARATION AND ANALYSIS
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LEGEMD: NUMBERS:
A  Molocular sieve 1=21 Assoned valves
B Charcoal trap 22 Wire loop (small charcoal trap)
C MS-1 23 Vial (sample collection site)
L Manometer 24 Degassing and heating site
E Power supply
F Charl recorder
G Themistor indicators
H Vacuum indicator
I  Flowmelor
J  Flowmaler
FIGURE 1. NOBLE GAS ANALYSIS APPARATUS.
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APPENDIX A
QUALITY ASSURANCE CERTIFICATION

Example 1: NIST-Traceable Standard Certificate File

CERTIFICATE OF CALIBRATION
GAMMA STANDARD SOURCE

| PRI Tee 223 Chciimtiatar EECHTEL XTVADA
JEs3 Latr LFEZ = QU0 yowry i s YihA
Cutaling M CF-3H Haolereale Duns 1 e Vi 1803 FET
fouree bon [Tre Cosdassd Fadomtinty. % 104 wioi
Comtramanl FosSesmi i /) (T [

Satd e TR gt man

e e [£]

[N T I P — Lesnmpumaied irks 2 Sorwssd 28R

® AT daeleg 'y ol % e

A Paschorey Fpony

& Caaer famylie
Pla il trm g ilere

Home et il rotker tus Dinghbon)

Alee Rl el {8 b e
Thav st Wik AEidjonl by purems spocl ARy

Ermiuy pewhd v b gkl sl FIT, I00, 5D, FT10, 800 hat.
[ [P T S L PP 2 FLATE W, G025, O TS0, (OO, B ERED parmr ey g i
Uncartalndy af Mieviirmses)
d. SASEIE eepIEmey 1A erstnn e calilaiieda s 1LOF
b Pasalomn saew isamdy o el 8 074
¢ Fausiooy wnie Dy me i lmdg | LY s 0LO%
A Tods | wmediainby ol Lt AL reelslovos kvel w L1%
BT Toagrabdins

Tt Al maren b 0ol o Cag Malaradl lerwnee of Srandals el Tocknatug

Laah Taeutiup
Tow prven e weks G Lapal Tainh Bpplegad gt soare

It LR ]

B, L i, v g T sirmrurn el Erera PO b ruakian sl mearies bels & Wiy B § Sesbes ol
e Tl g, M ok i el s G Jiix IR A e ey o ramieed Bobwener beemals (R BEL Fa el o5 G

f-""“"‘i_ 6‘ L

T TOUATITY CONTRON.

Sk Maa Q¥
PN Pty LB e [ 1R0ES Date bngeed
T Ny RoWWN A WARETT
HE S B R LS L ]
e ST T T T LT et 1

61

VOLLME 2 = SAUPLE PREPARATION AND ANALYSIS



Augus! 1938
Example 2: Radionuclide Decay Corrections FRMAC Gamma Nuclides

Today's Date: DD-MMM-YYYY Time: 0000  (military time) I

Reference Reference T2 Corrected | Total Activity in
Activity Date Time | in Days | Activity 5-ml. Ampule
2 Fudsncie | 27-DECa9s) | 140 | iR D sedngiy | 2sgne

il isu4bED | sECTION. | FOR

e e
Forvand Aapaa 1L

62
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Example 3: Preparation of Mixed Gamma Quality Assurance Samples

NIST-Traceable Certification #: Supply copy of certificate
to FRMAC Laboratory
Distribution: Supervisor
Reference Date:  DD-MMM-YYYY
Time: 0000 (military time)
| Stock Solution (eample of volume)

| Certificate #: Vol/Mass NIST Standard Used:
| Stock Solution #: Final Vol/Mass of Stock:

Referen:e Date: DD-MMM-YYYY Balanee #:

| Time: 0000 (military time)

|

Prepuration Date: DD-MMM-YYYY
Time: 'D 0 (military lime)

| Dilution from Stock Solution (example ofvolime)

| — e : e = 1
Preparation Date;: DD-MMM-YYYY VolMass Stock Solution Used:

Time: 0000 (oulitary time)

| Stock Solutionff: Final Valume:

| Dilution Solutiont:

Faraiped Augan 1500
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APPENDIX B
EFFICIENCY PLOTS
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FIGURE B-1. HPGE COAX 28% WITH 2-INCH AIR FILTER
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FIGURE B-2. HPGE COAX 28% WITH 3.5 L MARINELLI GEOMETRY
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APPENDIX C
FRMAC STANDARD UNITS

The primary reason for establishing Standard Reporting Units for
FRMAC cperations is lo enhance communications and minimize the
occasions for armors. The use of commaon units by all groups ensures
all results presented to decision makers ane consistent and under-
standable and that decision trees and tables are easily applied.

Radiological
Units
Dose rem oV
Exposure Rate:
Closed window mBA/h (mGyh)
Open window mAh (mGiyh)
Surface Isotepic deposition mCim? (MBg/m?)
Air flow - detectors cim {rm3fmin)
Volume activity concentrations:
Air Concenfrations pCifm? (Bg/m?)
Liquids pCiL (Ba/L)
Soils pClg (Ba/g)
Vigelation pCikg (Bg/kg)
Tissue pCikg (Ba/kg)
Contamination:
Surfaces dom/100 cm?  (Bg/100 em?)
Swipe samplas dpm/100 cm?  (Bg/100 cm?)
Units of
Measure
Maetric units will ba used as the FRMAC slandard, At times, English
units will be included for reference or additional information.
Time
Time will be reporied as local time at FRMAC location in mililary units
followed by the time zone. Example: 1415 EST (Eastern Standard
Time).
66
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Date
Dates will be reported as Day/Menth/Year, MM-DDD-YYYY

Example: 07-Jul-1551

Meteorological
Wind speed: miles per hour {mph)

Wind direction: From in degrees (cicsest 5 degraas) (lrue North)

Wind elevation: in feel above ground level (AGL) or above moan sea
level (MSL)

Temperature:  degrees, “F

Map Orientation
Map and/or phola orientation will always be with TRUE North siraight
up.

Location

The location of all menitaring data will be reperted in latilude and lon-
gitude units, with error terms, when available, AND physical descrip-
tion (straat comer, road junctions, ete.) for map location,

&7
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LABORATORY CAPABILITY
SURVEY Fage

Date: Ewvant;

|Laboratary Namea/1D:

Fixed O [

Mobile [

[PEIG:

IPhone: Pager:

Altermate POC:

Phone: Pager:

|Ma|iling Address:

city:
[Street Address:
[City:

IMAXIMUM RADIOACTIVITY LAB WILL EP

Name

Phone

Piarvimecn Clasler Juty' 1004

Criginal t2 Daks Cafvter Yallow Copy ta LINS Pink Copy to Laborabory
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LABORATORY CAPABILITY

Gross offf Counting Page?
Data: Ewvani:

Laboratory HamafdD:

Inatrument Manufactura:

Kodel Mumbar:

Senal Humber;

Upgrades:

Low background anti-colncldence counting?

Yam O Ho O

Humber of 24n detactorns:

Count time for 2-n dotactor

Dalty throughput for 2<n detoctor
Alpha (o) Filter Efficisncy:
Alpha {a) Flitar Background:

Bata (p) Filter EMiclency:
Bata ([t} Filtar Background:

Automatic sampie cha

Yoes OO0 Ho O

Simultancous alpha/bata co

Yea O Ho 0O

Instrumant Manukse

Yes O Mo C

Yez 0 Ho O

You O Ho O
|Calibration sources avallable? Yos L Ne C =
Iu:wr:-: Typo: NIST Std: Yes O Ne O ID#: Acthvity:
Lt source: Typo: NIST Std: Yes O No O ID3: Acthvity:
: [ ST
Criginal bo Duta Centar Yallrar Cogry ta LT Pink Cogry to Laborriory
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LABEORATORY CAPABILITY
Liquid Scintillation Counting Page3
Date: Event:
Caborstory NamenD: _-“-—wi-

Inztrument Manufactume:

Model Humber:

Serial Number:

Upgradas:
Automatic sample changer? Ho O
Background shlalding? Ho OO
Quench comection? He OO
Visual energy spactrum? Ne O

Humbar of programmable windes:

Cocktall typos avallable:

Typical backgroundigiven tme panod:

Estimated LLD with *H wincow campleloly o
[Calibration saurces avallabla?

Typo: Activity:
Typo: Activity
Type: Activity:
Typo: Activity:

Origiral i Data Center Yeliow Comy to LIS

P Cwm p oy 1P

Fink Cory 1o Laborpiary

FRMAD Mormomiess anD Asaryses Margsy
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LABORATORY CAPABILITY
Gamma S
PﬂﬂrﬂmE‘tw :I.rq.
Date: Event:
i 22
Labaratery MamallD:
Detoctor Type {nhnummm Modal & Sarial# | Stzo | EMichoncy | Shislding %'l:'i’%'ﬂﬂ
F Yes 0 Mo L
E Yes O NoO
Yes O Mol
Yeas Ol HNoO
Yes O Mol
Yes O Hold
MEA Manutatture | Model# Ganal # Sottwas Upgradies
Ig_
&
]
15
(3]
Type : Ay er | Software |
FHWF "__'_."'
Ligusic S
Salid
Gas
Cartridgas
MLA InpuEsA cRannels ey
g ADi t0 recalbrate 1o Yos 0 Ho L
Yes OO Mo [
Yes O Ho O
Yes U Ho C
Yoz 11 Ho O
Tas O Mo [
Yoz O Ho O
Yes O No C
{Cammants:
Rleremson Cale: Sy 1

Ciriginal to Dats Canter Vliow Coqry to LIKS Pk Cogry 1o Laboratory
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LABORATORY CAPABILITY
Gamma Spec Cal Sources Fagos
Date: Event: .
= ____ .
Laboratory HamoedD:
Gamma Spactromatry Calibration Sources ]
2 HIST
Type Geomeiry "";;f";i" Manufacturer | Certificate
Dato
e
Filler
Licwsict
Solid
Gas
Gartridge
Hirwaaran: Dl .Gl-r_|=

Original to Dats Conter Yillow Copy to LIMA Plek Copy to Labrrstory

Firs

FERMALC Mosmoming Ann Anavsis hanim
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LABORATORY CAPABILITY i
Other Resources Page 6 !
af
Crata: Ewant: l
Laboratory NameiD: T
Parzonnel —
Instrument Operators: Yes O Mo O #Hil:l-:l_
Sywteme anakyst: Yex O Ho O mNssded o
Duats Reduction Technleizns: Yoes O Ho O #Nesded
Seangares Preparatian Faciity Yas L Mo L ANeoded

I Yes, list types and skes:

Ciher, [a]
Char o
Othar [a]
Other '8
Cther O

(]

Original to Dats Canber Yalbow Copy to LS Pink Cogry to Labormtony
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LABORATORY CAPABILITY
Other Resources Continued Page?
of
Date: Evant:

Laboratory Mame/lD:

FAX Capabifities: Yes 0O Ho O SHooded
If Yes, Numbssr

Telaphone (Land Lina): Yot O Mo O #Heoodoed
H Yes, Humber

Mobile Phona: Yes O Mo O =oMNesded

H Yas, Humber:
Secure Phone: Yas
If Yes, Humbar:
Pager:
I Yes, Access Number andlar Pln Humbee:

e é L ——
K
K,

&

Origlnal to Dute Canber Yadlow Copy to LIMS Fink Copy to Laboratony

#Nooded

Hhpaded
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